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(54) Impedance feedback monitor for electroaurgical Instrument 

(57) An impedance monsor^^ 
monaorlng the electrical impeoance of tisaoe as it » 
treated wfth electroaurgical energy. Based on a predicted 
model of tissue impedance and a number of MtiaJ inv 
pedance readings, the impedance at which tissue treat- 
ment is completed is predicted More pattctrlarly. a min- 
imum snpedance level is measured anda function of the 
minimum impedance is used todetermne srpeoance at 



» coagulation is completed. A control device is pro- 
vided lor bringing the output of the generator within an 
optimum range based on a system toad curve. In one 
embodiment the im pe dan ce monit o ring devce is used 
in conjunction with a bipolar electrpsurgical instrument. 
Preferably, the instrument comprises e le c tr i cal ly oppo- 
site electrodes l oc a t ed on one or more Ussue engaging 
surface* for engagihg tissue to be treated. 
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Description 

Field of the Invention 

This invention r a tat as to etectrosurgrcal tissue treat- 
ment, and in particular, to a memod and apparatus lor 
controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

Background of the invention 

Electrosurgical generators are used to deliver ther- 
apeutic electrical energy to surgcaJ instruments. These 
instruments are used tor example, tor culling, coaguta- 
tton. tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy m the radio frequency <RF) range to such 
instruments. Usually such generators Include controls 
that regulate the voltage anoYor current so mat a select 
power level it approximately delivered and a maximum 
power level ts not exceeded. 

When such RF generators are used, the pnmary 
control m the experience of the surgeon who responds 
to what is observed to be hapr>enr^ 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily see what ts 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
to tum off electrical energy to the instrument As a result, 
some problems which may occur incaxto tissue chasring. 
sticking of tissue to the electrodes of tfie surgical instru- 
ment and over or under treatment of tissue. 

it has been recognized that ff>e tissue irnpedance 
changes as RF energy ia apptod to the tissue Attempts 
have been made to control the power de l ive r ed to the 
tissue as the tissue i m p edance changes. For example, 
current has been controlled based on the change in the 
voltage or the power delivered by Ate generator to tissue. 
The differentia! quotient of tissue impedance as RF pow- 
er b applied to the tissue has been used to oatermine 
an. initial power level and to switch off RF p ower when 
the deferential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need tor improvement in the control of 
electros urgic al energy deliverance to the tissue andfor 
doterrrwiation of when tissue treatment has reached an : 
optimal level. 

In particular there ts a need to provide a device and 
method for oeterrnirung the end point of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue compo s ition, tissue types and treated tis- 
sue areas andtor volumes. 

The present invention relates to a device and meth- 
od of the type described tn 6P-A-0 640 317. 



Summery of the Invention 

The present invention provides an impedance mon- 
itoring device anoVor method which monitors the imped- 
5 ance of tissue between poles of a therapeutic elecuoeur- 
gicat instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
eiectresufoicai energy; the monitored tissue; impedance 
is used to determine tissue status. This will be desenbed 
to in more detail below. A signal Indicating status of tissue 
is provided ether to a user or to an inatruYnentoomfoler. 
The device may also include a swach which automati- 
cally turns off the electrical energy when treatment h 

In accord anc e with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electrical energy ia de- 
livered to tissue. According to known tissue irnpedance 
models, tissue wnps da nce Marty dJops as eJectneaJ en- 
ergy is appvad and than begins to rite again as coagu- 
lation occurs. The present Invention provides tor estab- 
lishing a vahie for the minimum irnpedance. te . when 
the impedance is at Its lowest value as trteenergy is ap- 
plied Then; the impeoanee^yeJue anticipated to provide 
the desirs^ tissue effect is determined by calculating a 
selected function of the established minimum imped- 
ance. When the measured i rn pe d anc e rises to the level 
of the irnpedance value for the desired result • e.g., co- 
agulation, tissue we fd e iy or a tsvetof diathermy, the in- 
strument wiB indicate or provide a response for such 
event. The present Invention is preferably adapted so 
that the condition is detected lor a range of expected tis- 
sue impedances which varies according to tissue type, 
area and/or volume. 

In a preferred ern rj odknont the desired tissue condi- 
tion is where coagutation is completed. When Ms point 
hasbe^reacf^al»edbBrkslgr^lspiovioedtoac^ 
trot unit or to the user, at which time the energy supply 
is switched off. The feedback signal may, for example, 
provide a visual, audfcle or tactile signal lo a user, and/or 
may provide instructions to a control unit to automat ea*y 
tum off energy s upplied to the tissue. 

Optionally, the device may ateo include a switch, 
adapted to tum off elenrireJ energy when a short circuit 
condition is detected, when an open circuit conduiun is 
detected or when the device is on, i.e.. supplying current 
or voiaga for a preset maxvnum amount of time. 

In accordance wfth one aspect of the present inven- 
tion, an efeciro s urgical apparatus for coagulating tissue 
during a surgical procedure comp ri se s an end effector 
with opposing interfacing surfaces which may be closed 
toward s each otner to en ga ge tissue to be electros urgj- 
catty treated. Preferably the end effector includes first 
and s e cond e lem e nts movable relative to one another 
tor engaging tissue to be coagulated therebetween At 
least one of the electrical peses of the mtrtar^ is com- 
prised of an electrode associated wtth at toast one of the 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides BF energy 
to the tissue contacting electrons) of the first andtor 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second pole*. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor determning a minimum imped- 
ance value end holding sari minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining c*- 
cut determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

The threshold determining circuit may comprise an 
analog device for determining the function of minimum 
' impedance or a digital circuit needing, for example, a 
look up table lor determining the threshold impedance 
value based on an Input minimum impedance vakje. 

After a threshold value has been deteCTuned. a first 
comparator compares the measured impedance value 
to threshold irnpedance value and generates a power 
control signal to the power controller to control the RF 
energy deWered to the tissue .upon the condition ofihe 
measured rhpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch for selectively supplying RF energy to the instru- 
ment tocoagytate tissue positioned between the first and 
second e lements. 

The power controser may selectively switch off the 
power supplied to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impe da n ce value, when en open circuit condi- 
tion or a short circuit condition exists, or if voltage end 
current is supplied tor a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device tor bringing the energy output of the gen- 
erator within an optimal range determined by a system 
load curve. The control device usee measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delrvered to a target including tissue. The control 
device takes the resulting comparison and controls the 
generator output eccorcSngry. 

Although the instrument may be a monopolar o^vice 
or a multipolar device residing two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 
opposite pofee. 

In the preferred bipolar device, etedncelly oppostfe 
electrodes of each of the poles are located on one or 
both of the opposing surfaces. Each of the first and sec- 
ond etectnca&y oppoese poles cornprtses at least one tis- 
sue oontactino electrode. fh« •lectrtxtes era an 



on the distal end of the elect rosurgical devce so that 
when ma first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor - 
s ing circuit monitors the impedance of the tissue between 
the electrodes during the delivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which thrashold impedance o calcu- 
lated. A comparator comperes the measured Irnpedance 
io values to the determined oVeshoJd impedance value and 
generates a control signal to switch off the RF power de- 
livered to the tissue; upon the condrtion of measured im- 
pedance value exceeding the threshold imp eda n c e val- 
ue. 

t5 in orw preferred embodrrtent each 

corresponding to the first pole are offset with respect to 
the imerfacirig surface from each of the electrodes cor- 
responding to the second pole. In other words, the elec- 
trodes are offset from each other so that they are not 
20 diejnetrieaftY opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface: 

m the preferred efnt>6tfment the electron 
strument compresses tissue in a compression wane be- 
'» tween the first interlacing surf ace end the second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably, the compression 
zone a an area defined by a compression f kjgeonone 
c4 the rae^facing surfaces which corripresses the tissue 
30 against the other interlacing surface AJterne^lvety or in 
addruoa there may be a compression ridge on both in- 
terfacing surfaces. 

One i e*nbe<»tnent includes a cutUng element asso- 
ciated with en end effector The cutting element is ar- 
7S ranged to cut tissue at or near M coagulation site. Pref- 
erably, the coagulation is completed pnor to any me- 
chanical or other cutting at or around the coaptation 
site. Once tissue is coagulated of cauterized, the cutting 
element may be used to cut through fte coagulated tis- 
*o sue or between two zones of tissue coagulation. 

In another embodiment the rtemostatic device is in- 
corporated into a sneer cutter similar to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
devfc* cornprtse* two sut^ 

ed electrode bare which are associa t ed with one pole, 
and a slot lor cutting means to travel between the bars. 
Optionaly one or more rows of staples may provide on 
each side of the slot and bars to provide adotuonat he- 
mostasia 

In operation, tissue is clamped between two jaws tof 
the rotrument, and electrical energy r* the form of radio 
frequency (*RF*) energy is suppsed to the compressed 
tissue to coagulate or cauterize blood vessels along the 
two substantially paraftel bars. Based on the impedance 
modeling of the device with this specific electrode con- 
figuration, an appropriate function of the minfrnum *n- 
pedence is incorporated into the irnpedance feedback 

circuit U> ctelOTTwrt* an aoomortat» ewuHoM jmiidmrt 
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it vat A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold impedance tevei. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate ristrument response. * 
including where appropriate to turn off the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gicairy treeing tissue during surgical procedure is pro- " 
vided. Accordingly, a preferred method comprises the 
steps ot applying RF energy to tissue to be etectrosur- 
gicalfy treated by means of an electre^urgical instru- 
ment: measuring the impedance of the tissue between 
electrodes mrasponding to two poles of the electrosur- 
gical instrument; generating the wripedance signal rep- 
resentative of the impedance of the tissue; and control- 
ling the RF energy applied to the eiectrosurgical instru- 
ment in response to the impe da nce signal 

The step of co ni i o s in g the RF energy applied to the *° 
electrosurgical instrument may ccmpri&e the steps of: 
determining and holding minimum impedance value; de- 
termtnng a threshed impedance value based on a func- 
tion of the mvwnum impedance value; cornpahng meas- 
ured impedance values to the threshold impedance val- 
ue; and generating a control signal to control or switch 
off. the power of the controiter upon the condition of 
measured impedance value exceeding the threshold im- 
pedance value 

In accordance with yeiarttthor aspect of the present *o 
invention, a method of operating an electrosurgical ap- 
paratus for coagulating tissue ouring surgical procedure 
comprises the steps ot proving an ele ttios urgical in- 
strument having an end effector comprising the first and 
second tissue engag>^ 3i 
and second tissue engaging surfaces including thereon 
a tissue contacting »U ct r ode, associated wrth a first pole 
of an electrosurgical system and at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting etectrooe associated with a 
second pole of the system; engaging ttssue to be coag- 
ulated between the firsl and second tissue engaging sur- 
faces: selectively controlling RF energy s uppsed to the 
first and second tissue coriiexaJrig electrooes fc< coagu- 
lating tissue posfcionetl the r ebetween; measuring the im- 
pedance of the treated tissue: cttermining and holding 
a minimum impedance value; determining a threshold 
impedance value based on a function of the minimum 
impedance value; comparing measured impedance val- ■■ 
ues to the threshold impedance value; s*k* controlling or 
switching off the RF energy connected to tie first and 
second electrodes upon the condition of toe measured 
impedance value exceeding the threshold impedance 
value. ' 

Other objects and advantages of the invention wil & 
apparent from the fosowing oesenptjon. the accompany- 
ing drawings and the totowing claims 
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Brief Description of the Prewtnos 

Fig. t is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-eectional view of the distal 
end of the rtstrument of Fig. 1 in an open position; 

Fig. 3 is a partial cross-sebiorial view of the distal 
end of the instrument in Fig. 1 in a closed, unfired 

position; 

Fig. 4 is a partial cross sectional view c4 the iolstal 
end of the instrument in a dosed, fired position; 

Fig. S is a front cross sectional view of the distal end 
of the instrument of Fig. 1 along the sne 5-5; 

Figs. 6-9 represent a schematic block diagram of a 
microprocessor cxjn uo Bed i mpeda n ce monitoring 
apparatus for cert rosing the RF energy delivered by 
electrosurgcal s^strurnent of Figure 1 " " ' 

Fig. 10 is a schematic block oWgram'of an analog 
embodiment of me controller for use in the appara- 
tus of Figure v. 

Fig; 11 is a logic diagram of ^corwr&er ofrig. 10 
Pirating: control loj^ for output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in impedance over time during application 
of electrosurgical energy to tissue using the electro- 
surgical mstrumertt «ustrsted In Figure 1. 

Pef tied Peeertotton of the Invention 

While the present invention * generally applicable 
to a variety of slsclrcsurgicnl irtstrurnents both mDnopo- 
tar and multipolar, and both co i ve nt ionat and endoecop- 
ic, it will be described herein with reference to a bipolar 
linear cutting ihetrument 

The primary purpose of ther atipedahco monitoring 
device * to determine when the tissue has been treated 
toadesiraddegme. P r o fer abV this treatment tscornplet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or c hai ring occurs. The 
impedance of tissue as t is being heated wilh electro- 
surgical energy generally fbttows a c*arsttter«be tissue 
■npsdence curve. Ac co rdin g to the impedance curve, 
generety the impedance wil decrease, arrive at a rnini- 
mum value, and then rise as coao^iaHionencltissue des- 
iccation occurs. At an i m pe da n c e or within a range of 
ffnpedances on a characteristic curve, coagulation win 
predictably occur. 

Figure 12 is a characteristic im ped ance curve iUue- 
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tho apfrtcatcn of electro* urgcal energy using the elec- 
trosurgicai instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^*, 46. 
This impedance ta based an the value ol the lowest im- 
pedance on the curve. 2^,45. i.e.. when the impedance 
has stopped tailing and begins to nse. A I unci ion of the 
minimum impedance ((Z^) b used to approximately 
predrt a point at which coagulation occurs. Z^^, 46 

Referring now to Fig. 10 there is frustrated a sche- 
matic block diagram ol an analog embodiment ol the im- 
pedance monitoring device ol Che present invention, The 
impedance monitoring device determines when coagu- 
lation ts complete as wet as other instrument parame- 
ters, tor example, it there is an open circuit, short circuit 
or H voltage and current a supplied to the tissue for more 
than a predeternuned maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and** tissue engaged by the instrument. For example, 
rf excessive, not enough, or inappropriate tissue is en- 
gaged by the instrument: 

the instrument to is positioned to engage tissue to 
be treated. Then, when appropriately positioned. RF en- 
ergy ts supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the Instrument 10. Pref- 
erably. 30 to 200 volts RMS at a fundamental frequency, 
prelerabry ol a sinusoidal waveform , at a frequency of 
about 300 Khz to 3 Mhz ts supplied with a current of about 
0 1 to 4.0 amps. The generator 70 is fumed on by a user 
operated switch 42.. The user operated switch 42 pro- 
vides a signal to the controller 79 to turn oh the energy 
The output 129 of the controller is coupled to an analog 
swteh 1 30 When output 1 29 provides an "RF on" signal 
to the switoh. 1 30, an oacttator 72. coupled to an analog 
multiplier 75 through the awfteh 130. supplies a voftage 
of a known frequency to the analog mutipAer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF arnpttior 71. 
An amplified RF . signal is supplied by the generator 70 
to a circuit 80 which irKtudea the first electrode 39 and 
second electrode (anvi 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current; and voltage delivered to the tissue is 
measured and an RMS current H^us*) 0/1 RMS 
age CVrms") » determined. 

A voltage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voltage and cur- 
rent sensor 81 includes a low impedance current trans- : 
former 82 in series with the generator 70: and a high* 
impedance voltage transformer 83 connected in paraftel 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1 :20 winding ratio and a 
50 ohm resistor an parallel with the secondary of the 
transformer. Preferably the votage transformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in paraftel wttt> the secondary of the trensJormer 

The output of the current transformer 82 is couoted 



to an RMS converter 84. The RMS converter 64 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms- T"* output of the voltage trans- 
former 83 is coupled to an RMS converter 85. The RMS 

5 convener 85 converts the voltage signal into an DC eig- 
ne! and provide output 87, representative of V RMS . 

The measured impedance. Z. is then calculated 
from the measured 1**$ and Vr^. The outputs 67. 85 
of Vrus and I R us are supplied to an analog divider 88 

io which divides the Vrms by me current- Irm^ to provide 
an output signal 89 representative of the measured im- 
pedance, Z. 

From the \ m ^ t v*m*s *hd measured impedance, Z, 
the impedance rrarutoring device determines whether a 

is short circus or open ctrc^ 

age and current has been delivered tor an amount of time 
exceeding a predetsrrtuned maximum, and whether co- 
agulation ts com plete. 

A short circuit condrtion is determined by comparing 

20 tho measured impeda n ce. 2. to. a predetermined short 
circuit mpedance threshold at or below which short cir- 
cuit is likely to exist (*Zsc*)- M the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller, 

ts The impedance signal 89 Is input to a short circuit 
detector 90 comprised of a comparator: The positive in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^. When the 
imp edarra signal 89 causes the input at the negative 

30 inp ut 94 oJ ths cornparator 91 to be lower than that at the 
positive input 92. an 'on* condition occurs at the output 
.95 of the comparator 91 . This condition is communicated 
to a logic controier 79 which provid es a or eprogian u ned 
instrument response, which, in this emboofcnent, in- 

J5 eludes turning off RF energy. 

An open excus conddion exists if there is a voltage 
between the electrodes 18. 39. and no current An open 
circuit is determined as follows: If the V BMS is above a 
predetermined Lrrrartum threshold Meeting a voltage. 

*o v^^.andthelj^isbetowapTedete^ 

current threshold indicating a current then an 

open circuit signal is provided to a controller. 

A current threshold detector 1 06 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

*s tentiometer 107 sets the I**,* level so that when a cur- 
rent is present, the current detector 106 will indicate as 
such. The Im^ signal 66 is connected to the positive in- 
put 109 of the cornparator 106. Thus, when the Ir^ » 
greater than the value. 1*^' set by the potentiometer 

so i07. a positive voltage appears at the output 110 of the 
current threshold detector 106. 

SirnHarty. a voftage threshold detector 113 includes 
a potentiometer 114 connected to the negative input 115. 
The potentiometer 114 sets tie votage threshold at 

55 which the threshold detector 113 registers a positive out- 
put. v mr«m when a minimum voftage Is present The 
Vitus signal is input to the positive input 116 of fee 

threshold dot «e tor 113 THoe. rr tti» wr— »*• 
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v tuMh sei by the potentiometer 114. a positive voltage 
will appear at the output 11 7 of the voftage threshold de- 
tector 113 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is also coupled to an AND gate 111 and the output 1 10 
of the current threshold detector 1 06 is coupled to an in- 
verted input 112 ol the AND gate 111. The AND gate ill 
acts as an open circuit detector. When the exceeds 
the V ArM and wnere the does not exceed l tlwH , 
a logic 1 will appear at the output 120 ol the AND gate 
111 indicating an open circuit. The output 1 20 ol the AND 
gate 111 is coupled to the controller 79 to communicate 
tne open circuit statue. 

II current or voftage « suppled an extended period 
ot time and a coagulation complete condition has not 
been, detected, it may indicate, lor example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred, if the V AMS is above me predeterrruned 
Vtfmh or ln * '(VMS *» above 1*^. then a timer is turned 
on. II the timer is on for a period of time greater than a 
predetermined maximum amount of time. T,^, then a 
«me over signal a provided to the controser. It the dura- 
tion of the tsner on is not greater than T^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voftage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 106 
is coupled to an OR gate 1 18 which is coupled to a timer 
121 If the 1^ exceeds the 1^, the output 110 of the 
currant threshold detector 106 will present a logic t to 
the OR gate 118 which will then turn on the timer 121 . 

Simterlylheoutpuri17c4me 
factor 113 is coupled to the OR gate 118. If the V Ar##h is 
exceeded by V,^, the OR gate 118 will present a logc 
1 at its output 11 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to me controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold lime. T^. the output 
123 w* be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 
122. when tne instrument 10 is reset 

A coagulation complete condition is determined as 
losows: First. 2^ is determined. Then, a target vnped- 
ance at which coagulation » complete. Z,^^,. a calcu- 
lated as a function of the mnimum impedance The initial 
impedance. Z^. Z^^ slope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instniment used 
and/or the actual desved result the actual function of 
mrwnum impedance may vary. In this particular embod- 
iment f(Z TOtn ) is Snear; IfZ^^J = 0.2Z ♦ 500 This function 
is bound, i.e.. where Z n , m is > £60 ohms, then Z mt ^ % ts 

♦ 50 ohms. HZ^) may be a dtflerent function. It 
may be contmuous. non-contnuous. linear, non-linear, a 
ptecewtse approx ima tion and/or in the form of a look-up 
table. I (Z^) may also be bound at different values. 
The impedance signal 89 is used todetemme tissue 



coagulation as follows: First, a determination is made 
whether the measured Z is a minimum impedance. Z^. 
The vnpedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 
5 96 is in turn is coupled to a peak detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z i.e.. (-Z+k). will now 
be the highest offset value of (-Z + k) encountered. 
The peek detector 97 thus detects and holds the 

'0 - highest value of the inverted and off set measured imped- 
ance. Z which is Z^. When Z^ has occurred, the out- 
put 103 of the peak detector 97 » representative of (-Z^ 
♦ k) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit open circuit and tene 

is over as well as looking for a continues until a Z is 
equal to Z^r 

. VW>en the has been determmed, function of the 
Aw < r (Z**J> * calculated to provide a mpedance. Z^. 
0#t . at which treatment (ccagutation) Is ccvnpteted. The 

20 cnitput 103 of the pea* detector 97 it coupM 

old determining circuit 98 which calculates the function 
of Zn*, to determine the Z imvtt The output 99 of the 
threshold c^ermimng ctrcux is representative of^Z,.^, 
when the measured impedance is equal toZ^. 

« A continuous corr^riscn is r^ 

(ZminX « «nould be noted here that t(Z^ is cortinuousty 
calculated as f(Z) un« a Z^ is doiecteU The compari- 
son is continuously made between Z and f(Z) unti 7 mJLw 
is determined. This does not have a significant conee- 

90 ■ quence. however, because it a anticipated that f(Z> will 
be larger than Z during tissue treatmerit and a premature 
coagulation complete signal therefore w« not occur. 

If measured Z b lass than or equal to the Z^, then 
RF energy is ccnunued to be suppfled and steps de* 

*s scrfced above are carried out until a signal has Ijeen pro- 
vided to the controler feat thereisenc^en circu4 sicx^al, 
short cvcurt signal, a time over signal, or a coagulate 
complete signal if the measured Z is greater than or Is 
•duel to *ZteF9rt* tnef * ■ signal is provioad to the controller 

40 thai coagulation has been cxsitpleted. Again it is noted 
that in this embodiment Z has been inverted aiid siufted 
in order toacttjmmodale cietermmation via tt>e peak 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 

<* The output 99i Z^,^ of the threahc»W determining 
circuit 96 is coupled to the posfoVe input 101 of a com- 
parator OP amp 1 00. The output 102 of the gain offset 
inverter 96 Is coupled to the negative input 104 of the 
comparator lOO The comparator 100 compares the -Z 

so > k representative) value which is inc^rt to the negative 
input i04ot the comparator 100. to the Z^^,, represent* 
alive value which is calcutated as a function of -Z^ ♦ k. 
if -Z k is less than or equal to the Z^^, the comparator 
output 105 wel be positive. That is. if the measured Z is 

ss greater than l(ZJ, a coagulation complete signal wiU 
appenf at the output 105 of the comparator 100. 

A signal is provided to a coitroder for each condition 



1, i 
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the existence of one or more of these conditions the RF 
energy is automatically turned oft by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24, a coagu- 
lation complete input 125. an open ctrcuit input 126 and 
a tvne out input 127. as woH as a reset input 128. The 
controler 79 also includes a RF control output 1 29 which 
switches on anoVOr off the RF generator delivery of elec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic .1. the RF is on. The output 129 ts a logic 
1 when coagulate complete 125. time out 1 27, short cir- 
cuit 124. the open circuit 126 and the reset input 128. 
areafimalc^c^.lf anycneor moreofthe Inputs 124. 
125. 126. 127; 128areatalogx:'rthe RF control output 
1 29 ts a logic "0* and the RF is turned off. 

A preferred embodiment provides a control device 
which controls the generator energy output based on 
load impedance The load rnpedance is used to deter- 
mine a preferred energy level, e.g.. voltage, current or 
power level, based on a spec*ic system toad curve for a 
generator, instrument and/or application. The control de* 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output aocoro%ig to the difference be- 
tween the two. i.e.. preferably to minimize the difference 
between the two. 

The specific load curve preferably reflects the volt-: 
age. currerrt. povw for^a rano^^^ wiH 
optimize performance of the instrument: The toad curve 
may have various forms, tor example, it may be contin- 
uous or may be stepped. .The toad curve may vary from 
generator to generator. Jor a particular instrument in use 
with the generator, or for a particular eteetrosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an tostnjmenl such as descnbed herein, 
three impedance ranges have been identified at which 
different energy roqurremeots exist Initially tissue im- 
pedance is in a lower range, e.g.. approxenately 20 to 
100 ohms. In the tower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of impedances, e.g.. ap prox im ately 
1 00 to 500 ohms, requires enough p ower to maintain tie 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g.. approximately 500 ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system toad curve in this ernbodimenl would 
reflect both the inherent characteristics of the generator 
and voftage output at which optimum power a delivered 
for a particular irpedance. as watt as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10. a generator with a servo loop 
control device, is illustrated. The impe dan ce signal 89 
and the votage Vru& &grial 67 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error ampKfier 62. The 
control device caum tne gmnrntmior 70 to oroducQ vott- 



ages within a desired range based on a toad impedance 
fit to a specific load curve. 

The impedance 89 is fed to a function fitting device 
61. The output 64 of the function fitting device 61 repre- 

s $ente a desired voltage based on the input impedance 
89. This desired voltage function is the voltage required 
for the generator 70 to produce e perticutar. pre-deter- 
mned load curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

io 65 of the error amplifier 62 represents an error voltage 
which is fed into an anatog muftipfier 75 through a diode 
77. 

Afternalfvery, current, power or another energy pa- 
rameter may be used to control the output of the energy 
rs source or generator 70. A signal corresponding to im- 
pedance of the target is moot into the function fining do- 
vce which provides a desired current, power or other en* 
ergy parameter output, which is then compared to the 
measured or calculated current, power or other energy 
20 : parameter. . 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The anatog multiplier 75 functions 
as an amplitude modulator of osctirator 72 such that large 
error voltages ; at output 65 resuft in targe outputs from : 
2S RF amplifier 71. And smal error voltages of output 65 
. result in smaller RF output from RF amplifier 71 . Thus. 
. generator 70 acts as a closed-loop servo system based 
. . . on voltage such thai a desired load curve is obtained. 

The toop cornpensaiion device 63 ads to stabilize the 
x> servo toop. If an electrical parameter other than votaga 
is use& the tonn fitting fun 

nal reflecting the difference n the aJterna4iva energy pa- 
rameter. . 

Referring now to Figures 6-9 a flow chart alustrates 

3S a method for carrying out a microprocessor controlled 
ernbodimenl of the present invention. When the system 
is turned on (btock 200). the variables including Z**». 
v *«^ , sieh" t ^ over, and 2^ are Inrtetixed (btock 
201 ). The system continues to took for the activation of 

40 the RF switch (btock 202). When the RF switch is turned 
on. the interrupt* are set tor RF Switch (btock 203), tor 
Short Orcutt (btock 204). and Open Circuit (btock 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automaticafV goes to the instructions 

«* associated with btock 234. _ 

After the interrupts are set. the timer is started (btock 
206). A sequence is run to check the RF amplifier health 
(btock 207). e.g.. to took for an Amplifier On signal or to 
check if carta* votage* are in a suitable range. It the 

so amplifier is operating property. RF energy is turned on 
(blocks 208 and 209). 

. - If the amplifier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (block 21 1 ). The system looks for 
** a hardware failure flag (btock 233). When the hardware 
failure is detected, the controller provides a hardware 
fadure alert indication and shuts ofl. (blocks 243 and 

2AA\ 
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If hardware failure is not rxfccaiad (block 233). then 
Vrmm 2 nd *nM « f (block 235) to determine <f any volt- 
age or current ts bemg supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 ts reached, there 
should be no current or voftage. It there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware faMure alert is indicated and the pro- 
gram rs stopped ( blocks 24$ and 244). 

if RF energy is turned on (block 209% then the V^, 
and are read and the impedance. Z. t* calculated by 
dividing the by the (block 212) .The controller 
checks to see if the V #mM# and flags are set. 

(block 21 3). These flags are set when a mnvnum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the and t^**, nags are sat (213) the sott- 

* ware looks tor a tone over co n d i tion to determine if the 
device has been on for a period of time in excess of a 
mawnum. If a time over condition k recognized, the tvn- 
er flag ts set RF energy is turned off (blocks 218 and 
21 9y and a hardware failure check rs run (block 233). 

After looking for a time over condition, the controller 
checks ;for a snort circuit or open circuit condition, il a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit ts set (block 220), RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

The controller checks again for V >n>bl ,and m 
block 222. before proceecSng to me threshold determine 
irvj portion of the circuit illustrated in Fig. a Itthevotage 
or current did not exceed V tlw-l or 1 ^ ^' in blocks 214 
and 216. the controller iterates the sequence beginmng 
at block 212 for detecting time over, short circuit, open 
circuit. t.e.. the coagulation complete detection enable 
This snabtes the de w ce to wait unta enough current arid 
voltage le defvered to the circuit to check for the coagu- 
latoi complete condition. 

^fthe and 1^^ flags are set the short circuit 

and open circuit bets are not set (block 220). and the time 
over condition does not yet exist (block 219); the meas- 
wedimpedance used to determine if coagulation ts com- 
plete as follows. 

The 2 initial flag is set during the first iteration and 
Sin,*, is in B tatty assigned the measured imped an ce value 
(blocks 223-225). Inibaly. is the same as the meas- 
ured impedance and thus block 227 is bypassed at block 
226 A calculation is made of f (Z^) (block 226). As long 
as the measured impedance is less than the 1(2^*). the 
sequence is ■•rated (229. 231) In the next iteration of 
block* 223-231 . the newly measured wnpedance is com- 
pared to the previous measured impedsnce which has 
been assigned (block 226). As long as tie imped- 
ance is decreasvYg, Z^ wM be reassigned the new val- 
ue otltofneasured impedance ^ 

the steps repealed. When the measured impedance ts 

ormmt ffian or MU*I to » o m* thr«chok* m>*d. 



ance. the coagulation complete flag is set (block 230). If 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check rs run. 

If after the initial run through the p r o gr am a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program deterrranes the cause and rxJicates 
as such (blocks 233-242). The and 1^ are read, 
(block 235) H no cvrreM or vofla9ebrjeir>g delivered to 
the system, the controller checks to see If the open eir- 

"> curt short circus or time over flags have been set (block 
237). If so then a signal indicates which fogs have been 
set. and the program ie returned to start (blocks 240. 
242). Similarly, the controler checks for the coaptation 
complete flag (block 239). « there was the coagulation 

t* complete flag has been eat. it wW be indicated for ten 
seconds (block 241 ). if not, a wHI be indicated as not com- 
plete (block 240) and the program wiH return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to cany out the steps of Figs. 6-9 are 

?o adapted to provide a complete Aeration of al the steps 
at least every 1/50 s e con d. 

nele/ring now to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the irnpedance 
feedback device of the present invention. An endoscopic 
linear cutting and stapling instrument 10 telStown having 
a housing 16 coupled to a shaft 30 with atiumen extend- 
ing therethrough and an and effector 15 extending from 
the distal end of the shaft 30. The and effector 15 com- 
prises first and second elements which are comprised of 

jo intertaong jaw members 32. 34. Jaw member 32 is mov- 
ably secured to jaw member 34. The housk>jj 16 has a 
clawing trigg*/1 2 fc* cdoss^ jaw members 32. 34. Jaw 
members 32. 34 are shown In an unciamped position in 
Fig. 2. in a clamped position prior to instrument firing in 

as Fig. 3. and in a ctamped position after instrument firing 
inFig.4. 

Jaw member 32 compr is es an anvil 18. U-shaped 
electrode 39 extendrtg along the length of the jaw 32, 
and a U-shaped insulalng material 31 surrounding ths 
*o outside of the electrode 39. Ja w member 32 has an inner 
surface 33 which faces ah inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically cornmunicating ulaclrode bars 27. 28 forming a 
first pole and located on and extending substantially 
«5 along the length of the inner surface 33. The U-shaped 
electrode 38 Is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel. The bars 27. 28 
are separated by a knife channel 28 extending longsu- 
dinaBy through the mkfcfte of the electrode 39. Pockets 
*o 36 located oh anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out rotative to an 
anvil portion 37 of the inner surface 33 (Fig. 5). The elec- 
ts* uc<to 39 acts as a first potoot a bkxxar system. Trie e 
18 is formed of an etsctnca% exxtdua^ 
acts as a second pole of tie bipolar system* electrically 

oodmM to t*v* firct ooft* TH» m *» d t iQ »• > '■■»> > 
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tated from the electrodes by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied to the end effector 
15 from etectrosurojcai generator 40 (fig. 10) through 
wires 19, 20 exlendiagvtto the body 16 of the instrument 
The generator 40 it user controied by way of switch 42 
(flg. 10) Wire 1 9 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvfl 
18 end is coupled to the anvrf 18 through an electrical 
contact means extending through the shaft X. The elec- 
trical circuit is dosed when and only when the clamping 
trigger 12 is closed. A means of connecting the wire to 
the correspon din g electrode as wett as instrument actu- 
ation means are described in parent application S.N. 
06AD95.797. mcorporated herein by relerence. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted Into the cartridge c ha nnel 22. 
The cartridge 23 Includes a track 2S tor we d ge 1 3, a knife 
channel 26trextenb^ihj^^ 

of the cartridge 23. a senes of drivers 24 spending into 
the track 2S and staples 1 7 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw member s 32. 34, a firing trigger 1 4 toceied 
on housing 16 may be actuated to advance a cutting ef- 
ement 1 1 through the engaged tissue to cut the tissue. 
Sirnunaneousiy. wheVi the firing trigger 14 is actuated: 
the wedge 1 3 is advanced through the track 25 causing 
the drivers to 24 to displace t o w ai d S the staples 17. 
thereby driving the staples 17 trough tissue and into an- 
vfl pockets 36. 

In operation, trie ertf 
located at a tissue site where tissue is to be treated The 
jaw member e 32, 34 era opened and tissue is men 
placed between the rserlacing tone* surfaces 35. 33 re- 
spect Very of jaw members 32, 3^ the cl ampi n g trigger 
12 is squeezed to cause the jaw members 32. 34 to dose 
to locate and compress tissue Be t ween the interfacing 
inner surfaces 33, 35. The closure of the damping trigger 
12 also closes the electrical circuit When the tissue has 
been approp ria tely situated b e tween the iaw members 
32. 34, a user may apply RF energy from tho generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue b et ween the electrode 
39. i.e.. the bars 27. 28. and the envi 18. 

After the RF energy is turned off. the controll e r indi- 
cates the in str umen t status, e.g.. open circuit, short csr- 
cuS. coagulation complete, time over. If the coagulation 
com pl ete status « indicated, the firing trigger 14 may be 
actuated to advance cutting element 11 through knle 
channels 26, 29 to cut engaged tissue b et wee n the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to tire staples 17 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coaouJatton ir»ee tormed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tongftudxnaSy double row* on each of ate cuttvto el- 



ement it as the cuumg element 11 cuts the tissue. 

The invenbon described and the specific details and 
the manner in which IS may be carried out having been 
exempted it will be readily apparent to those staled In 

s the art that innumerable variations, modifications* and 
extensions of the basic principles involved may be made 
without departing from tie spint and scope of the present 
invention. The impedance feedback system as de- 
scribed above is used to indicate when sufficient cauter - 

to izatton has; occurred. When coaptation is complete, a 
signal may be provided by a controller to a user, or a 
uMtocMm may a utu nab cal ly turn off the RF energy. Oth- 
er signals may be provided to an instrument user as we* 
For e xam ple a tone corre sp onding to the measured mv 

>5 pedance may be p r ovided to a user to audbly monitor 
the change in impedance. 

It is also in t ended thai this device^ anoVor method be 
used witty nu m erous types of s )l oc tr o s urgicalE* stium e rtti • 
including rrtoropo ta r. btootar arid nwtttootar configura- 

TO Hons; The impoda n r o t ssdb ad c systemmay be included 
in part or in whole with tie actual instrument, ae e sep- 
arate unit and/or wtth the energy source or generator. 



2S ctelme 

1. A control device corrssrising: . 
impedance 

be courjfad to .tlssve^opn^BCtTr^-^eiecfWKiee #ssoc** 
30 aled wait a ttsatie-treating^portkx> surgical 

instrument and to an energy source axtsotedtosup- 

pry therapeutic electrce^MgjcaJ energy to 

trades* and 

an energy control stgrteJ adapted to control RF 
Jtf energy suppfied Irorn said er»ergy source to said 



wherein said friip e da nce meas ur em en t cir- 



cuitry isi 

to measure the impedance c4 tissue engaged 
to by said tissue-tre a ting port ion 
mon£ . 

to deterrrano a minimum impedanre value; 

to determine a target impedance value as a 
function of said meier-urn irnpedsnce value; 
43 to compere measured impedance values to 

said target impe da n ce value; and 

to after said energy control signal when said 
measured S Tye da n ce value exceeds said target 
i m pe dan ce value. 

so 

2. The ccntrol device of dabnl. wrwein said imped- 
ance measunng drcus>y Mudss: 

a first device for determining the minimum 



a second device coupled to said first device for 
detemwiing aie target s i s> e d an ce value as a func- 
tion of said minimum irnpedanee vaiue: and 

»Sar. aMimy iii n» i " » » >»dltwp—> 
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3. 



ance values to said target impedance value and for 
generating a signal ndcatmg whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

A control device adapted to be coupled to an energy 
source tor providing etectrosurgical energy to XissKMt 
to be treated, the control device comprasng: 

a first input for receiving at least one of a first 
signal representats/e of vbftagr delivered from said " 8. 
energy source to said tissue and a second signal 
representative of current oeferered from said energy 
: source to said tissue: 

a second input for receiving a third signal rep- 
resentative of a target impedance for said tissue on '5 
the energy source, determined from the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, ma fourth signal » 
corresponding to desired energy output for me tar- 
get toad impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load « 9. 
impedance; and 

control the energy source to bring etectrosur- 
gical energy delivered by the energy source to the 
target within a range of desired energy output based 
on said system load curve. x> 



trodes adapted to contact tissue to be treated and 
to cause etectrosurgical energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
1 toS. 

wherem the control device is adapted to con- 
trol the output of said etectrosurgical energy 
between said electrodes. 

An electrosurgicaf device tor treating tissue during 
an etectrosurgical procedure, the electrosurgeal 
device comprising! 

etectricafy isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause etectrosurgiosl energy to be conducted 
between said else trodes through said tissue: 

an etectrosurgical energy source tor provicfcng 
said etectrosurgical energy to said electrodes; and 

acont/aarv^ace^ 
IbS. ; ' \ . : ". 

trol the output from said etectrosurgical energy 
source to sakf electrodes. 

the etectrosurgical device of claim 7 or 8. wherevt 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 



The control device of claim 3 wrucn r*tudes a com- 
parison device for comparing sakS fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second sirjnats. said ccrriparison » 11. 
device being adapted to provide d control signal tor 
controlling said energy source: 

'The control device of claim < wherein said control. 

signal represents a difference between said fourth *o 

signal and said at least one of said first and second 
signals. 

A generator for providing etectrosurgical energy to 
an etectrosurgical device said generator comprts- 

an etectrosurgical energy source for providing 
electrosurgica! energy to said etectrosurgical 
device; and 

a control device according to any one of claims *o 
i to5. 

wherein the control device is arranged to con- 
trol the output of said energy source. 

An etectrosurgical device tor treating issue dunng 55 
a surgical procedure, the etectrosurgical device 
comprising: 

eteetricafty isolated firs! and second elec- 



ta The etectrcmirgical device of dam 9. wherein said 
second electrode is iocatedonme other oneof said 
first artsecc^ elements. . 



The electrosurgjcaJ device of claim 9. wherein: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be etoctfosurgicady treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interfacing surfaces: and 

said first and second etectrode elements are 
offset from one another with respect to said interfac- 
ing surf aces 
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